Viruses, Fusarium spp. and insects involved in the failure of red clover. by Khan, Hasan Ali
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Doctoral Dissertations 1896 - February 2014 
1-1-1972 
Viruses, Fusarium spp. and insects involved in the failure of red 
clover. 
Hasan Ali Khan 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/dissertations_1 
Recommended Citation 
Khan, Hasan Ali, "Viruses, Fusarium spp. and insects involved in the failure of red clover." (1972). Doctoral 
Dissertations 1896 - February 2014. 6193. 
https://scholarworks.umass.edu/dissertations_1/6193 
This Open Access Dissertation is brought to you for free and open access by ScholarWorks@UMass Amherst. It 
has been accepted for inclusion in Doctoral Dissertations 1896 - February 2014 by an authorized administrator of 
ScholarWorks@UMass Amherst. For more information, please contact scholarworks@library.umass.edu. 

VIRUSES. FUSABIUM SPP. AND INSECTS INVOLVED 
IN THE FAILURE OF RED CLOVER 
A Dissertation Presented 
By 
HASAN ALI KHAN 
M.Sc. (Agri.), Osmania University 
M.S., University of Massachusetts 
Submitted to the Graduate School of the 
University of Massachusetts in 
partial fulfillment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
May. 1972 
Major: Plant Pathology and Entomology 
VIRUSES, FUSARIUM SPP. AND INSECTS INVOLVED 
IN THE FAILURE OF RED CLOVER 
A Dissertation 
By 
Hasan Ali Khan 
Approved as to style and content by: 
_ 
(Chairman of Committee) 
a-.., 
(Member) 
(Head of Department) 
May, 1972 
(Month) (Year) 
ABSTRACT 
Viruses, Fusarium Spp. and Insects involved 
in the Failure of Red Clover 
Hasan Ali Khan, M.Sc. (Agri.), Osmania University 
M.S., University of Massachusetts 
Directed by: Dr. W.M. Banfleld 
Several factors seem to Interfere with the successful 
maintenance of red clover crop. The effect of virus infection, 
Fusarium root rot and root damage by insects is reported in 
this study. 
Virus infections, which are quite infrequent in the first 
year, spread rapidly throughout the second, third and fourth 
crop years to Infect almost 85 percent of the plants. Bean yellow 
mosaic virus has been the most common virus encountered here. 
1 
Red clover vein mosaic, alfalfa mosaic and the pea common mosaic 
viruses are also detected but with much less frequency. Two 
plants were found that were infected with both BYMV and RCVMV. 
Nearctaphls bakerl Cowen was the most common aphid on 
red clover. It successfully transmitted BYMV from red clover 
to red clover, to bean and vice versa. The virus is stylet- 
borne, with a minimum acquisition feeding time of 15 seconds. 
A minimum time of 15 seconds is also required for inoculation. 
The retention period was found to be generally less than one 
hour, but never more than two hours. N.bakerl failed to trans¬ 
mit RCVMV, AMV or PCMV. However, it selectively transmitted BYMV 
from two plants that were Infected with both BYMV and RCVMV. 
BYMV was also transmitted by the pea aphid, Macrosiphon plsl. 
Attempts to transmit any of the above viruses with spittle bug, 
2 
Phllaenus leucopthalmus (Linn.), the clover leafhopper, 
Aceratagalla sangulnolenta (Provancher) and the garden bug, 
Haltlcus bractatus (Say) yielded negative results. 
Fusarlum spp. Invariably were associated with declining 
red clover plants in the fields. Eighty-five percent of the 
BYMV-lnfected field plants were also Infected with Fusarlum. 
About 30 percent of the roots examined showed the presence of 
tunnels or scars caused by the feeding of the clover root borer, 
Sltona hlspldula Fabr. and/or the root curculio, Hylastlnus 
obscurus Mar. 
A field experiment was conducted to evaluate the role 
of BYMV and Fusarlum roseum, individually and in combination 
of insect vectors and pests that naturally occur in the field. 
The results show that the combination of BYMV with F.roseum 
and naturally occuring insects causes the greatest losses 
to red clover. This was evidenced by the poorest yield and 
highest mortality obtained in this virus-fungus treatment 
together with the naturally occuring insects. The best yields 
and least mortality was obtained in plots that were protected 
from insects and were not inoculated with BYMV nor Fusarlum. 
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INTRODUCTION 
In spite of the valuable qualities of red clover, 
Trifolium pratense L., which not only is one of the best 
fodders for cattle but also improves soil fertility by 
virtue of being a legume, the past three decades have 
witnessed a rapid decline in its cultivation in Massachusetts 
as well as throughout the United States, Records show that 
in Massachusetts the average yearly acreage for clover- 
timothy hay mixture during the ten year period 1940-49 
stood at 216,000 acres but fell to 158,000 during 1950- 
59 and to 82,000 acres in the 1960-69 period. The cor¬ 
responding acreage for the country as a whole had dropped 
from 21,912,000 acres during 1940-49 period to 17,321,000 
and 13,403,000 acres for the two succeeding ten-year per¬ 
iods. Similarly, the acreage for red clover seed for the 
entire United States fell from 2,564,000 acres in the year 
1950 to 1,017,000 in i960 and to 496,000 acres in the year 
1970 (Anonymous 1940-70), 
Much work has been done in the United States and 
abroad to determine the causes for the declining state of 
this crop. Generally, researchers working with different 
categories of pathogens and pests have emphasized the in¬ 
dividual role of these agents in bringing about failure 
of this crop. Studies of comparative significance and 
especially of the collective influence of the interacting 
agencies of viruses, insects, root rotting fungi, and 
environment on red clover failure are few. The col¬ 
lective influence of all these factors is studied in the 
present investigation. 
II. REVIEW OF LITERATURE 
Of the twenty-five different viruses listed as cap¬ 
able of infecting red clover, the more important ones 
are* bean yellow mosaic virus (BYMV), red clover vein 
mosaic virus(RCVMV), clover yellow mosaic virus (CYMV), 
alfalfa mosaic virus (AMV), white clover mosaic virus 
(WCMV), Wisconsin pea streak virus (WPSV), the pea common 
mosaic virus (PCMV) and the potato yellow dwarf virus 
(PYDV). The relative abundance of each of these viruses 
varies from region to region, perhaps due to reasons of 
climate and distribution patterns of the vectors involved 
in the transmission of these diseases. 
Elliot (1921) was the first to record widespread virus 
infection in red clover. He reported that 75 percent of 
the red clover plants at the University of Arkansas campus 
were infected with clover mosaic virus. 
Aitkin and Grieve (19^3) and Hutton and Peak (195*0 
reported that, in Australia, bean yellow mosaic virus in¬ 
fection caused reduction in yields of subterranean clover, 
(Trifolium subterraneum L.) ranging from 26 to 76 percent. 
Kreitlow et al (1957)» Kreitlow and Hunt (19^8) and 
Houston and Oswald (1953) noted reduction of 17 to 53 percent 
in yields of ladino white clover (Trifolium repens L.) as 
a result of infection by alfalfa mosaic and bean yellow 
mosaic viruses. 
Goth and Wilcoxon (1962) reported that non-infected 
red clover (T. pratense) produced ten times more seed than 
virus-infected plants. Dickson and McRostie (1962) com¬ 
pared yields of 22 healthy plants versus 22 virus-infected 
plants and obtained on an average 484.8 seeds per healthy 
plants versus 65 seeds per diseased plant. 
According to Matzulevich (1957)t virus infection of 
red clover impaired the quality, weight, and germination 
of seed, retarded plant growth, and reduced the production 
of flowers and leaves. Kreitlow and Hunt (1948), however, 
could find no differences in the viability of seeds obtained 
from virus-infected plants compared with those harvested 
from healthy plants. 
Goth and Wilcoxon (1962) reported that virus-infected 
red clover plants could not endure high summer temperature 
or adverse winter conditions as effectively as non-infected 
plants. Sander (1959) noted that infection of red clover 
by red clover vein mosaic virus (RCVMV) decreases vigor, 
longevity, dry weight and tollerance to high temperatures. 
Some of the pioneer works relating to identification 
and descriptions of legume viruses, which include those 
infecting red clover, were done by Pierce (1935); Zaumeyer 
and Wade (1935); Zaumeyer (1940) and Weiss (19^5). More 
recently Bos, Hagedom and Quant (i960) suggested procedures 
for international identification of legume viruses. 
Surveys have been made in several regions in the 
past to determine relative abundance of specific clover 
virus diseases. Pierce (1937) found that out of the 28 
naturally infected red clover plants he collected in Idaho, 
19 were infected with pea common mosaic virus (PCMV), 5 
with bean yellow mosaic virus (BYMV), 3 with alfalfa mosaic 
virus (AMV) and 1 with white clover mosaic virus (WCMV). 
Diachun and Henson (1956) found in one of their 
studies that 75 percent of the field plants showed virus 
symptoms. 
Goth (1961), in his surveys of 76 red clover fields 
throughout Minnesota, found 20-50 percent of the plants 
in 60 percent of these fields were virus-infected; more 
than 50 percent of the plants in 20 percent of these fields 
were infected. On identifying the viruses in 120 naturally 
infected plants, he concluded that 38 percent had BYMV, 
18 percent RCVMV, 15 percent had both RCVMV and pea streak 
virus (PSV), 12 percent had both RCVMV and BYMV, 10 percent 
had PSV, and 7 percent had pea mosaic virus (PMV). 
Hanson and Hagedom (1961) assayed 49 plants and 
isolated RCVMV, PCMV, BYMV, WPSV, Alsike clover mosaic 
virus (ACMV) and AMV from 31»29, 24, 8, 6, and 2 plants, 
respectively. Graves and Hagedom (1956) reported that 
RCVMV vas the most abundant virus on red clover in 15 
major pea growing counties of Wisconsin with infection 
ranging from 7 to 28$. 
Stuteville and Hanson (1965) found BYMV, WPSV, PCMV 
and AMV with a frequency of 48, 4l, 34, 13 and 6 percent 
respectively among the 187 naturally infected red clover 
plants that they assayed. They noted that WPSV was much 
more common in Wisconsin than previously reported and pre¬ 
dicted that it could become the most important red clover 
virus there. 
In the experience of Diachun and Hanson (1958) and 
Hanson and Hagedorn (1961) it has been very difficult and 
almost impossible to distinguish virus diseases of red 
clover by their symptoms alone. The three main factors 
held responsible for variation and overlapping of symp¬ 
toms in red clover virus diseases are the heterogeneity 
in red clover (Diachun and Henson 1956); the existence of 
different virus strains (Hanson and Hagedorn 1952, Mc¬ 
Whorter and Cook 1958, and Miller and Halpin 1962); and 
the presence of more than one virus in a plant (Goth 1956, 
Langluddeke 1963 and Stuteville and Hanson 1965). 
Diachun and Henson (1956 and 1958) using one isolate 
of BYMV inoculated many plants of red clover in the green¬ 
house and the resulting symptoms were found comparable to 
those seen in naturally infected plants in the field. They 
also found that different isolates of BYMV caused different 
symptoms in plants of the same clone. Hanson and Hagedorn 
(1961) reported similar findings with AMV, RCVMV, BYMV, and 
WPSV. 
The earliest report of Fusarium being associated with 
clover was by Young (1924), He believed that certain species 
of Fusarium isolated from clover roots were weakly parasitic 
but required the help of other deleterious agents to kill 
the plants. 
Fergus and Valleau (1926) in their investigation on 
red clover failure in Kentucky found several Fusarium spp. 
that were pathogenic. These induced severe injury to clover 
seedlings. They also noted from field observations that 
clover failure results indirectly from an unfavorable en¬ 
vironment and more directly from the result of attack by 
pathogenic organisms upon the roots. Unfavorable plant 
nutrition, high temperatures and draught were amongst the 
factors listed as contributing to the unfavorable environ¬ 
ment. 
Fenne (19^7) reported extensive damage to red clover 
fields in Northern Virginia by species of Fusarium and 
Rhizoctonia following severe winter injury. 
Kreitlow and Hanson (1950) found that Fusarium 
oxysporum and F.solani enter host plants through wounds in 
the crown and tap root system and that these species are 
responsible for severe thinning of plants during their 
second year. In Wisconsin, Fulton and Hanson (i960), 
and Siddiqui (1968) from New Jersey reported that more root 
rot developed at high than at low temperatures in 8 to 17 
week old red clover plants growing in naturally infested 
soil. 
Chi and Hanson (1961) using F. oxysporum, F, solani 
and P\_ roseum found that root rot severity in red clover 
was highest at mineral nutrient concentrations below op¬ 
timum for the host. 
Siddiqui (1968) found a clear-cut relationship be¬ 
tween clipping frequency and the extent of root rot de¬ 
velopment. Out of the 1,2,4 and 8 clipping frequencies 
tried, greatest rot occurred in plants that were clipped 
8 times. He noted that tap roots from such plants det¬ 
eriorated partially to completely and that the isolations 
from such roots yielded a predominance of Fusarium. 
In New Hampshire, Moody (1967) evaluated the effect 
of cutting height on the development of root rot and the 
persistance of red and white clover. Foliage of Dollard 
red clover and Pilgrim and Bohnort white clovers were 
clipped to 2.5, 5, and 10 cm. Roots were then observed 
after 14 weeks. Red clover was found more sensitive to 
clipping height than were the white clovers. Root rot 
was greatest in 2,5 cm. clip treatment in all clovers. 
It is a common occurance in red clover fields to find 
that although many seedlings emerge from the soil per unit 
area at the beginning, there is a great reduction in 
number of plants in this same area by the end of the first 
growing season. Such reduction in stands has been reported 
from Maryland by Allen (1955). 
There have been a few studies which indicate that 
failure in red clover occurs because of the combined action 
of viruses and root-rotting fungi. 
Watson and Guthrie (1964) studied virus-fungus inter¬ 
relationships in the root rot complex of red clover. They 
found that severe root rot developed only when clover yellow 
mosaic virus (CYMV) was introduced into red clover or, 
when combined with white clover mosaic virus (WCMV) or the 
root parasites. They also found that although WCMV caused 
some root injury, as did the four fungus parasites, the 
significant debilitating factor was CYMV. 
Leath et al (1971) considered the presence of viral 
disease in red clover plants as a stress factor that is 
important in predisposing plants to root rot. 
Dennis and Elliot (1967) assayed the combined effect 
of red clover vein mosaic virus and each of the four Fus- 
arium isolates tested, namely F. roseum, F. solani, F. 
oxysporum and F, moniliforme. They observed that more 
plants died in the virus-fungus combination treatments than 
in the treatments of virus alone or fungus alone. 
Goth (1962) recovered Fusarium spp, and Rhizoctonia 
spp. in equal numbers from virus-infected as well as from 
virus free red clover plants grown in fields. Further 
more in greenhouse experiments, these fungi were no more 
pathogenic on virus-infected red clover plants than on 
virus-free plants of the same clone. 
The clover root borer, Hylastinus obscurus Marsham 
and the clover root curculio,Sitona hispidula (Fabricus) 
are the two most destructive insects associated with root 
rots of red clover. 
There is no doubt that these insects by themselves, 
as a result of their feeding and tunnelling activities 
in the root system, may prove fatal to the plants and thus 
cause substantial losses in population density of red 
clover. But equally important, perhaps, is their wounding 
action which exposes the root tissues to invasion by soil 
fungi. 
The clover root borer is restricted mainly to red 
clover. On the other hand, the clover root curculio is 
a common pest on red, white and alsike clovers as well 
as on alfalfa (Leath et al 1971). 
The distribution of these coleopterans is wide 
spread in red clover growing areas of the United States 
and Canada. Thomas’and Wills (1969) reported the incid¬ 
ence of clover root curculio at several places in Canada 
namely: Prince Edward Island, New Brunswick and Nova 
Scotia. 
An indirect damage to red clover by the root curculio 
has been noticed by several workers (Webster 1915 > Bigger 
1930* Marshal and Wilbur 193^ and Turner 1957). This 
damage is manifested as heaving of plants out of the ground 
by winter freezing and thawing. These investigators are of 
the opinion that such plants are attacked and injured on 
their roots by root curculio prior to the winter injury. 
Plants thus injured and weakened by insects are heaved 
out of the ground the following winter season. 
Aphid and leafhopper transmission studies of red 
clover viruses have been reported since the early nine¬ 
teen thirties. 
Black (1937)» one of the pioneers in red clover 
virus transmission studies, demonstrated that potato yellow 
dwarf virus (PYDV) was transmitted from red clover to 
potato, red clover to red clover and potato to potato 
by the clover leafhopper Aceratagallia sanguinolenta 
(Provancher). He emphasized the importance of red clover 
in being an alternate host of the vector leafhopper. 
Bancroft et al (i960) reported that their efforts 
to transmit white clover mosaic by the pea aphid, Mac¬ 
ros iphum pisi (Kalt) yielded negative results, but later, 
Goth (1961) claimed to have demonstrated for the first 
time transmission of white clover mosaic virus by the 
same aphid species. 
Osborne (1937) showed that vein mosaic virus of 
red clover, white clover, alsike clover and crimson clover 
is transmitted by means of pea aphid M. pisi. He found 
that the aphid acquires and transmits the virus within a 
total of 2 hours. He noted that the virus was lost by 
the aphids after a feeding period of one day on healthy 
plants. 
Wilcoxon and Paterson (i960) found an undetermined 
virus in red clover which they said was correlated, in so 
far as its spread was concerned, with susceptibility of 
the clover varieties to the pea aphid. They further 
suggested that breeding pea aphid-resistant varieties was 
a more practical approach to reducing virus spread than 
developing varieties resistant to several aphid-borne 
viruses in red clover. 
Hagedorn et al (1951) reported from Holland that the 
red clover mosaic virus which occurs in red clover and 
peas in Holland is transmitted by the pea aphid M. pisi 
and the green peach aphid, Myzus persicae but not by the 
bean aphid, Aphis fabae, 
El-Kandelgy and Wilcoxon (1964) reported that the 
shortest acquisition feeding time for the pea aphid to 
acquire RCVMV was half a minute and that the inoculation 
feeding time was two minutes. They found that the clover 
aphid, Nearctaphis bakeri failed to transmit RCVMV. They 
also recorded variations in resistance among red clover 
varieties to pea aphid. 
Robertson and Klostermeyer (1961) in their epid¬ 
emiology studies of bean mosaic diseases, surveyed aphid 
populations during 1955 and 1959. They thought that Myzus 
persicae and to a lesser extent the clover aphid N. bakeri 
were responsible for the transmission of a number of non¬ 
persistant viruses they isolated. One of their conclusions 
was that the vector control method would be of little value 
in controlling the non-persistant viruses such as those 
causing the bean mosaic diseases and therefore they suggested 
work in the direction of breeding virus-resistant varieties. 
In a later work (1962) they studied the role of alternate 
plant hosts in the aphid transmission of bean mosaic. 
They observed that red clover and sweet clover were grow¬ 
ing by the roadside in proximity to bean fields and they 
concluded that these plants played an important role as 
alternate hosts in which the pathogen overwintered. The 
recurrence of mosaic infection in field bean was attrib¬ 
utable to the alternate plant hosts and migrant aphids, 
particularly the green peach aphid. 
Hampton (1967) reported that the viruses were spread 
naturally into bean fields when they were situated next 
to fields of red clover. He noted that the gradients of 
infection consistantly indicated that the red clover was 
the source of infection. BYMV was readily isolated from 
red clover plants in the source fields and this virus was 
obviously spread in sufficient quantity in the neighboring 
bean fields. 
Hagel and Hampton (1970) correlated the spread of 
BYMV in red mexican beans and dispersal of aphids from 
neighboring red clover fields. Among the aphids orig¬ 
inating from red clover that were trapped in beans they 
listed were Myzus persicae, Acyrthosiphon pisum and the 
clover aphid, Nearctaphis bakeri. They also noted a great 
movement of the leafhopper Macrosteles fascifrons from 
red clover to bean fields but were unable to demonstrate 
any transmission of BYMV by this leafhopper. 
III. MATERIALS AND METHODS 
A. Field Survey 
Red clover fields of 1 to 4 years of age and older 
were surveyed for the prevalance of viruses based on 
obvious virus symptoms. Five to six fields in each age 
category were included in the survey. A wire was bent 
into a 1* x 1* square and then starting from one corner 
of the field and proceeding diagnolly, the wire square 
was thrown at random five times from each of the four 
directions towards the center of the field. The number 
of symptomatic and apparently healthy plants contained 
in each of the 20 squares per field were counted and the 
average percentage of virus prevalance was thus determined. 
B. Case History Studies 
In order to compare the survival and disease condition 
of plants showing virus symptoms versus healthy plants from 
one year to the other, one-hundred plants of each of the 
two types were tagged in different fields in July 1968. 
A year later the tagged plants were checked for survival 
and symptoms. This procedure was repeated by tagging a 
new set of plants in July 1969 and concluded with the ob¬ 
servations a year later. The plants were tagged by spreading 
marble chips around them in a radius 2 inches from the 
crown. About 6 inches to the north of the plant a 4 to 5 
inch long wooden peg was driven down to ground level, and 
a piece of plastic flagging tape on which the date and 
number was marked with a magic marker was nailed on the 
top of the wooden peg. Red color tape was used for marking 
diseased plants and yellow flagging tape was used for 
marking healthy plants. For ease in spotting these plants, 
2’6" long wooden sticks with a piece of flagging tape nailed 
on to their tips were driven 4 to 6 inches in the ground 
to the south of the plant. 
C. Identification of Viruses in Field-Infected Plants 
Samples were collected furing the spring and summer 
of 1968-71. In the course of this study 84 samples were 
collected from 18 different fields for the purpose of id¬ 
entifying viruses prevalent in red clover fields in Amherst 
and its neighboring localities in Massachusetts. The 
samples consisted of either fresh leaves kept in petri 
dishes lined with moist filter paper or of whole plants 
which, after removal of some leaves, were cut back, planted 
in No. 10 size tin cans, sprayed with insecticide and moved 
into the greenhouse or screen house. 
The viruses were identified through host range studies, 
i.e. by studying the reactions induced by sap obtained from 
the leaf samples and inoculated on a variety of hosts. The 
host or test plants used in these assays were; Gomphrena 
globosa L.; ’Bountiful* bean (Phaseolus vulgaris L.); 
’C-165’, ’Perfected Wales’ and 'Blue Bantam’ peas (Pisum 
sativum L.). 
For identification of these viruses, the procedures 
developed by Stuteville (1964) in red clover virus research 
undertaken in Wisconsin were followed (table 1). 
BYMVi Bean yellow mosaic virus according to these 
procedures can be identified by the systemic symptoms it 
induces on 'Bountiful' bean and a laok of necrotic local 
lesions. 'Perfected Wales' peas reacted to BYMV with 
light mottle. The pea variety 'C-165* either showed no 
reaction or it showed only light mottle and stunting. No 
symptoms were induced in G. globosa by BYMV inoculation. 
RCVMVt Red clover vein mosaic virus causes distinct 
orange colored local lesions developing in about eight 
days after inoculation in G, globosa. It does not infect 
bean but 'Perfected Wales' pea shows vein chlorosis, stunting 
and apical rosetting. 
PCMV: Pea common mosaic virus can be identified by 
its failure to infect 'Bountiful' bean and G. globosa and 
by its ability to infect 'Perfected Wales' pea. The pea 
reacts to this virus with a systemic mottle which is pre- 
ceeded by chlorotic vein banding. 
AMV t Alfalfa mosaic virus can be identified by the 
necrotic local lesions it incites in 'Bountiful' bean. 
AMV is the only one of the above five viruses that causes 
systemic infection in G. globosa in addition to local lesion 
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formation. 
Details of test plant culture: The test plants and 
the red clover seedlings grown from seed were raised in 
steamed soil. The soil mixture was comprised of three parts 
of clay loam, one part of sand and one part of peat moss. 
The soil mixture was steamed and then cooled down to air 
temperature before use. Four inch size plastic pots were 
used for raising the plants. Used pots were treated by 
enclosure in six cubic feet plastic bag with one ounce of 
methyl bromide admitted through a plastic tube. The tubing 
was taken out and the bag containing the fumigant was left 
overnight at room temperature. 
Inoculation* Freshly cut virus-infected leaves 
were used for inoculum. The leaf tissue to which 2 to 5 ml. 
of 0.1 M phosphate buffer pH 7 had been added, was macerated 
with a mortar* and pestle. The extract was filtered through 
cheese cloth, diluted with buffer in a ratio of 1*5 and 
applied with cheese cloth to leaves of 8 to 12 day old 
plants previously dusted with 600 mesh carborundum. 
D. Insect Transmission Studies 
In insect transmission studies, leafhoppers were 
collected by sweeping an insect net over virus-infected 
red clover plants in the field. The leafhoppers thus col¬ 
lected were transferred into glass jars the tops of which 
were covered with nylon mesh and secured with a rubber band. 
The nylon mesh allowed good ventilation during transit from 
fields to laboratory and prevented condensation of moisture 
which would otherwise cause leafhoppers to get stuck by 
their wings along the sides of jars. 
In the laboratory, the leafhoppers were anesthesized 
with carbon dioxide and the individuals belonging to the 
clover leafhopper, Aceratagallis sanquinolenta (Provancher) 
were separated out while still under the effect of anes¬ 
thesia. They were then transferred to red clover plants 
that were free of virus. These plants were covered with cages 
and taken back to the culture room or the greenhouse. Such 
plants were from 6 to 8 weeks old. Depending on the growth of 
the plants 20 to 30 leafhoppers were released on each plant. 
The leafhoppers were allowed to remain on the plants for 
4 weeks. At the end of this period the cages were removed 
and any surviving leafhoppers were exterminated with an 
insecticidal spray. These plants were trimmed back and 
kept under observation for six more weeks to see if they 
would develop any virus symptoms. 
Following the same procedure, attempts were made to 
transmit viruses from infected plants using spittle bug 
Philaenus leucopthalmus (Linn.) and the garden bug Halticus 
bractatus (Say). 
Aphid transmission studies were carried out with two 
aphid species namelyt (1) the clover aphid, Nearctaphis 
bakeri (Cowen) and (2) the pea aphid, Macrosiphum nisi 
(Kalt), Stock cultures of virus-free aphids were produced 
in a rearing room or in a greenhouse by first procuring 
10 apterous (non winged) females from red clover field plants 
that showed no virus symptoms. Each of these aphids was 
enclosed in a petri dish containing a moist filter paper 
and an excised red clover leaf. The excised leaves were 
taken from virus-free plants grown in the greenhouse. 
The aphids were starved for 15 minutes before placing them 
on the excised leaves so that even if they carried a stylet- 
borne virus from the field they would lose the ability to 
transmit it as happens with most of the stylet-bome viruses 
within this time span. Any young aphids that were deposited 
by the females on the excised leaves were transferred and 
caged on four-week old healthy red clover plants that were 
grown in complete protection from insects. Thus each plant 
produced an aphid clone from one single aphid. These young 
aphids matured and deposited first instar-aphids about seven 
days after they were bom. When plants became overcrowded, 
aphids were transferred to new plants at the rate of 20 per 
plant. Three plants were maintained for each of the four 
clonal lines that were reared. Once good colonization took 
place, one clonal line was retained for further experimental 
work and the three others were destroyed. In order to keep 
a constant supply of aphids, new colonies were started on 
A colony of clover aphid, Nearctaphis 
bakeri Cowen shown growing on a red 
clover plant. 

fresh plants every week. The plants with colonies were 
kept covered with cages in the rearing room. Sixteen 
hours of light was provided in a 24 hour cycle by using 
flourscent day lamps. And the room temperature maintained 
at close to 72° F. 
Whenever aphids were required for experimental work 
they were transferred from one plant to the other either 
with a camel hair brush or a part of the plant itself such 
as a segment of a petiole or an expanding leaf bud on which 
a colony of aphids was growing was transferred. This in¬ 
fested part was cut off with a sterilized razor and placed 
on the new plant. After a while the aphids crawled over to 
the new plants without having to be physically handled. 
Alate aphids were handled with an aspirator to which a 
small piece of glass tubing 4 cm. long by 7 mm in diameter 
was added to trap the aphids. The trap tube had a nylon 
mesh at the terminal end secured with soft aluminum wire 
and the other end was connected to the aspirating tube with 
a piece of rubber tubing. When aphids were needed, the 
desired numbers were aspired into the trap tube which was 
then pulled out and the open end plugged with a small piece 
of sponge. These tubes proved very convenient in handling 
aphids for various purposes such as transferring or setting 
them aside for prestarvation. 
E. Root rots and injuries associated with declining red 
clover plants. 
For studying the relationships between the root rots 
and injuries associated with the declining red clover field 
plants, roots of threetypes of plants were examinedi (1) 
those with BYMV symptomsj (2) those with declining symptoms 
namely stunting, yellowing, necrosis or wilting, singly or 
in various combinations (Fig. 7) and (3) healthy plants. 
In all, 52 plants from 10 fields were uprotted and examined 
for insect injury of their roots, and the presence of 
Fusarium spp. in their roots. Fusarium was detected by the 
vascular discoloration and was confirmed by plating root 
sections on potato dextrose agar media. 
F. Field experiment 
An experiment was set up to determine under field 
conditions the roles played by Fusarium roseum, BYMV, and 
insects, separately or in interaction with one another, 
in reducing the vitality of red clover. The layout of the 
field is shown in (Fig. 2). There were five treatments 
and a control laid out in a randomized block design with 
4 replications. The treatments were as follows* 
BYMV inoculation. 
Fusarium inoculation. 
BYMV + Fusarium inoculation. 
Cage protection against insects. 
25 
T5 Soil fumigation prior to planting. 
Tg Control. 
Each treatment plot measured 3'6" x 6'. A distance 
of 10* was allowed between adjacent plots. Plots were 
prepared according to recommended agronomic practices and 
seeded in late summer (August 15) of 1969. Treatment No. 5 
(fumigation treatment) was added to the experiment by seeding 
4 new plots in May 1970. The plots were fumigated by cov¬ 
ering the prepared seed beds with polyethylene film and 
releasing 8 ounces of methyl bromide under the cover. The 
edges of the cover were secured by piling soil all around. 
The plants in treatment 4 were kept covered under 
insect-proof cages throughout the experiment except for two 
brief periods during the growing season in 1970 when the 
cages were lifted to cut back the plants. The plots were 
sprayed with the insecticide Malathion during this oper¬ 
ation. In each plot fifteen plants were marked at random 
and these were examined for virus symptoms. Later, these 
same plants were uprooted and cultured for Fusarium. The 
plants were then dried and weighted to compare the growth 
of the clover in the various treatments. The red clover 
variety used in this experiment was Medium Lakeland. For 
virus studies, plants were inoculated mechanically with a 
BYMV isolate twice on June 12 and June 19» 1970. The 
Fusarium roseum isolate used in this experiment was obtained 
Fig. 2. Layout of the field plot 
experiment. 
26 
27 
from the USDA, Pasture Research Laboratory at University 
Park, Pennsylvania. The inoculum was increased on Potato 
dextrose agar petri plates and was also grown on com meal- 
vermiculite mixture media for massive soil inoculation. 
On June 12 and 13* 1970, 50 grams of com meal-vermiculite 
mexture that had a profuse Fusarium growth and the contents 
of one PDA culture of F. roseum were mixed together and 
worked into the soil around each plant. 
RESULTS 
A. Field Survey 
T&ble 2 shows "that fields with one year old plants 
had a mere 0,2 percent of the plants infected with virus. 
In fields with plants 2, 3, and 4 years old, 31, 68 
and 85 percent of the plants showed virus symptoms, re¬ 
spectively. Amongst the 6 fields with plants 5 years old 
and older, 87 percent displayed virus symptoms. Apparently, 
then, there is a direct correlation between the age of 
plants in red clover fields and the frequency of virus- 
diseased plants in these fields. 
B. Case history studies 
As can be seen from table 3» about eighty percent 
of the plants that had been marked as virus-infected at 
the beginning of the observation period 1968-69 did not 
exist (died out) in July 1969 while the 20 percent that 
persisted continued to show virus symptoms. In the case. 
of the healthy plants, 62 percent survived and were growing 
in July 1969. Of these,however, 66.6 percent showed virus 
symptoms. 
In the 1969-1970 experiment and observations, the 
results were similar to those of the 1968-69. In the 1969- 
70 experiment 73.8 percent of the virus-infected plants 
marked in July 1969 died by July 1970. On the other hand, 
only 31 percent of the healthy plants died but 68 percent of 
of the survivors developed virus symptoms. 
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(A) Typical first year crop or red clover. 
(B) Third year crop in the same field as 
(A) showing loss of stand. 
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C. Identification of Viruses 
In the present study the prevalance of various viruses 
was investigated in clover fields in Amherst, Massachusetts 
and surroundings. Assays to detect and identify the viruses 
were restricted to the same 5 viruses as listed on table 
1. Of the 59 red clover plants that indicated presence 
of these viruses in assays, 53 showed presence of bean 
yellow mosaic virus (BYMV), 3 showed the presence of red 
clover vein mosaic virus (RCVMV) and 2 of pea common mosaic 
virus (PCMV). Wisconsin pea streak virus (WPSV) was not 
detected in any of the experiments in this investigation. 
The virus identification attempts made with the red clover 
plants which were collected in various localities are 
listed in table 4. 
(1) Reactions of indicator hosts to bean yellow mosaic 
virus (BYMV): 
a) On Trifolium pratenset Typical symptoms of BYMV 
on 8 to 10 week old red clover plants developed 21 to 24 
days after inoculation. The initial symptoms appeared 
as faint chlorosis in or between the veins of the top 
leaves. Subsequently they increased in intensity and 
spread to more leaves until almost all leaves on the plant 
showed symptoms, thus indicating systemic spread of the 
virus in the plant. The symptoms that followed the inital 
ones included interveinal chlorotic streaks and spots 
Fig. 4. Symptoms induced by BYMY in red clover. 

scattered irregularly over the leaves (Fig. 4). 
b) On bean: Phaseolus vulgaris variety 'Bountiful* 
reacted to BYMV inoculation by producing systemic symptoms 
which made their first appearance as yellow spots on the 
terminal leaves 10 to 15 days after inoculation and later 
spread to mature leaves. The size of the spots varied 
from 2 to 5 min. in diameter in the beginning and later 
enlarged to irregularly round in shape, 
c) On peat Pisum sativum variety 'Perfected Wales' 
reacted to BYMV inoculation by producing systemic symptoms 
in 10 to 12 days after inoculation. Inoculated plants 
developed pale yellowish leaves with small green islands. 
d) The pea variety 'Blue Bantam' was a poor host 
for BYMV. Normally it did not react to BYMV, but occas¬ 
ionally developed mottling symptoms when inoculated with 
BYMV. 
(2) Reactions of indicator hosts to red clover vein mosaic 
virus (RCVMV)i 
Three plants were found to be carrying RCVMV. The 
pea variety 'Perfected Wales' when inoculated with sap from 
infected red clover plants reacted by producing vein banding 
and stunted growth and occasionally in later stages, wilting. 
Gom-phrena globosa plants developed red-colored local lesions 
8 days after inoculation. The Bountiful variety of bean 
gave no reaction to inoculation with this virus. 
(3) Reactions of indicator hosts to alfalfa mosaic virus 
(AMY) i 
Sap from three plants caused local lesions in 
•Bountiful' beam and Gomphrena globosa indicating that 
the plants were infected with AMV. This is the only virus 
among the 5 considered here that causes local lesions in 
beans and also the only one that causes systemic mottling 
symptoms in G. globosa besides the local lesions. 
(4) Reactions of indicator hosts to pea common mosaic 
virus (FCMV)t 
PCMV was detected and identified in two of the 
plants in this work by its ability to produce vein banding 
and mottle on the 'Perfected Wales' pea variety and also 
by its inability to cause any reaction on 'Bountiful* bean 
and G. globosa, 
(5) Reactions of indicator hosts to combination of BYMV 
and RCVMVi 
Two plants were found to be concurrently infected 
with both BYMV and RCVMV. The two combined viruses had an 
additive effective on red clover foliar symptoms (Fig. 5). 
Initially, the yellow chlorosis was parallel and along the 
veins but as the leaves became older they became chlorotic 
except for a few islands of green. Inoculation of test 
plants with sap from doubly-infected plants caused mosaic 
on 'Bountiful' bean and on 'Perfected Wales' pea as would 
be expected of BYMV infections. At the same time typical 
RCVMV symptoms appeared on ’Perfected Wales* pea (vein 
chlorosis and stunting)and on G. globosa (local lesions). 
Fig. 5. Symptoms on 2 trifoliate leaves of 
the same red clover plant doubly 
infected with BYMV and RCVMV. 
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Table 4. Virus identification trials in 84 red clover field 
plants collected in 8 localities of Massachusetts. 
Plant 
No. 
Place of 
collection 
Date of 
collection 
Virus 
identified 
68-1 Amherst 7-6-68 BYMV 
68-2 Amherst 7-6-68 (-) 
68-3 Amherst 7-6-68 PCMV 
68-4 Amherst 7-6-68 (-) 
68-5 Amherst 7-6-68 BYMV 
68-6 Amherst 7-6-68 BYMV 
68-8 Shutesbury 7-22-68 BYMV 
68-9 Shutesbury 7-22-68 BYMV 
68-10 Shutesbury 7-22-68 (-) 
68-11 Shutesbury 7-22-68 (-) 
68-12 Hadley 8-15-68 BYMV 
68-14 Hadley 8-15-68 BYMV 
68-15 Hadley 8-15-68 (-) 
68-16 Hadley 8-15-68 (-) 
68-17 Worthington 9-5-68 (-) 
68-18 Worthington 9-5-68 RCVMV 
68-19 Worthington 9-5-68 (-) 
68-20 Worthington 9-5-68 BYMV 
69-21 Hadley 6-12-69 BYMV 
69-22 Hadley 6-12-69 BYMV 
69-23 Hadley 6-12-69 (-) 
69-25 Hadley 6-12-69 BYMV 
69-26 Hadley 6-12-69 (-) 
69-28 Hadley 6-12-69 BYMV 
69-29 Hadley 6-12-69 BYMV 
69-30 Hadley 6-29-69 <-) 
69-31 Hadley 6-29-69 BYMV 
69-33 Hadley 6-29-69 BYMV 
69-34 Hadley 6-29-69 (-) 
69-35 Hadley 6-29-69 BYMV 
69-36 Hadley 6-29-69 BYMV 
69-38 Shutesbury 7-10-69 (-) 
69-39 Shutesbury 7-10-69 BYMV 
69-41 Shutesbury 7-10-69 BYMV 
69-43 Shutesbury 7-10-69 BYMV 
69-44 Shutesbury 7-10-69 (-) 
contd 
39 
contd. 
Plant 
No. 
Place of 
collection 
Date of 
collection 
Virus 
identified 
69-45 Amherst 7-15-69 BYMV 
69-46 Amherst 7-15-69 (-) 
69-47 Amherst 7-15-69 BYMV 
6 9-48 Amherst 7-15-69 BYMV 
69-50 Hadley 8-3-69 (-) 
69-51 Hadley 8-3-69 AMV 
69-52 Hadley 8-3-69 BYMV 
69-53 Hadley 8-3-69 BYMV 
69-54 Hadley 8-3-69 BYMV 
69-55 Hadley 8-3-69 BYMV 
69-56 Hadley 8-3-69 (-) 
69-57 Hadley 8-3-69 BYMV 
70-58 Worthington 6-3-70 BYMV 
70-59 Worthington 6-3-70 (-) 
70-60 Worthington 6-3-70 BYMV + 
RCVMV 
70-61 Worthington 6-3-70 BYMV 
70-62 Worthington 6-3-70 BYMV 
70-63 Worthington 6-3-70 (-) 
70-64 Worthington 6-3-70 BYMV 
70-66 Worthington 6-3-70 (-) 
70-67 Sunderland 6-25-70 (-) 
70-68 Sunderland 6-25-70 AMV 
70-69 Sunderland 6-25-70 BYMV 
70-70 Sunderland 6-25-70 BYMV 
70-71 Amherst 7-2-70 BYMV 
70-73 Amherst 7-2-70 BYMV 
70-74 Amherst 7-2-70 PCMV 
70-75 Amherst 7-2-70 (-) 
70-76 Amherst 7-2-70 BYMV 
70-77 Sunderland 7-17-70 BYMV 
70-79 Sunderland 7-17-70 BYMV 
70-81 Greenfield 8-4-70 BYMV 
70-82 Greenfield 8-4-70 (-) 
70-83 Greenfield 8-4-70 BYMV 
70-84 Greenfield 8-4-70 BYMV 
contd 
40 
contd 
Plant 
No. 
Place of 
collection 
Date of 
collection 
Virus 
identified 
71-86 Northampton 6-16-71 BYMV 
71-87 Northampton 6-16-71 (-) 
71-88 Northampton 6-16-71 BYMV 
71-89 Northampton 6-16-71 BYMV 
71-90 Sunderland 6-16-71 BYMV + 
RCVMV 
71-91 Sunderland 6-16-71 BYMV 
71-93 Sunderland 6-16-71 (-) 
71-9^ Sunderland 6-16-71 AMV 
71-95 Easthampton 6-30-71 BYMV 
71-96 Easthampton 6=30-71 (-) 
71-98 Chesterfield 6-30-71 (-) 
71-99 Chesterfield 6-30-71 BYMV 
71-100 Chesterfield 6-30-71 BYMV 
BYMV = bean yellow mosaic virus, RCVMV = red clover vein 
mosaic virus, AMV = alfalfa mosaic virus, PCMV = pea common 
mosaic virus, (-) = no reaction induced in the test plants. 
4l 
D, Insect transmission studies. 
The clover aphid, Nearctaphis bakeri Cowen, which 
was the most prevalent aphid in red clover, proved to be 
a very efficient vector of BYMV, This aphid appears on 
red clover fields about the first week of June. Going 
through several generations, it attains maximum populations 
by the middle of July, Its generation time fluctuated from 
1 to 4 weeks, depending on season and temperature conditions. 
Higher temperatures shortened its generation time. During 
the fall, winged migrants were produced on red clover and 
later migrated to their woody alternate hosts such as apple 
or hawthorn. On these hosts the migrants produce sexual 
forms which, after maturing and mating, produce eggs for 
over-wintering. The eggs are usually deposited around the 
buds. Several aphid species may deposit eggs on the same 
plant. The host trees bordering red clover fields are most 
likely the places where clover aphids lay their eggs. 
Short-distance migration by apterous (wingless) 
aphids was noticeable at each cutting time in the red 
clover fields. As the cut stems lose water and become 
dry, the aphids that had been living on them abandon them 
and start moving in search of new hosts. They settle down 
on the unfurled buds and other uncut tender parts near 
ground level of a nearby plant. This small scale migration 
could take an aphid to a distance of up to 3 ft. It is 
42 
very likely that transmission of stylet-bome viruses such 
as BYMV could occur in this fashion. 
It can be seen from Table 5 that, when the aphid N. 
bakeri was allowed to feed on plants infected with BYMV 
and later transferred to young red clover plants, trans¬ 
mission of the virus occurred in all of the eighteen cases. 
The presence of BYMV in the newly infected plants was con¬ 
firmed in 14 out of the eighteen cases. The aphid could 
not transmit virus from plants that had been shown to be 
carrying RCVMV, AMV or the PCMV. 
From the two plants that were doubly infected with 
BYMV and RCVMV, the aphid transmitted only BYMV. The 
aphid transmitted virus symptoms from six source plants 
in which the identity of the virus was not established. 
However, it was confirmed by the host range tests that the 
symptoms induced were those caused by BYMV. The BYMV 
foliar symptoms transmitted by the clover aphid to red 
clover are illustrated in Fig. 6. 
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Table 5. Transmission studies with clover aphid, Near- 
ctaphis bakeri Cowen. 
Plant 
No. 
Place 
collected 
Virus 
ident¬ 
ified in 
source 
Transmitted 
to No, plants* 
Transmitted 
virus ident 
ified in 
new plant 
68-1 Amherst BYMV 4/4 
1/5 
(NA) 
68-2 Amherst (NR) BYMV 
68-3 Amherst PCMV 0/6 - 
68-4 Amherst (NR) 0/5 - 
68-? Shutesbury (NR) 0/4 - 
68-8 Shutesbury BYMV 0/2 (NA) 
68-12 Hadley BYMV 4/4 BYMV 
68-18 Worthington RCVMV 0/6 - 
68-20 Worthington BYMV 3/5 BYMV 
69-38 Shutesbury (NR) 0/4 - 
69-39 Shutesbury BYMV 4/4 BYMV 
69-40 Shutesbury (NR) 2/4 BYMV 
69-43 Shutesbury BYMV 4/4 BYMV 
69-nT Shutesbury (NA) 3/4 BYMV 
69-12T Shutesbury (NA) 4/4 (NA) 
69-15T Shutesbury (NA) 2/4 (NA) 
69-45 Amherst BYMV 4/4 BYMV 
69-46 Amherst (NR) 0/4 - 
69-48 Amherst BYMV 3/4 (NA) 
69-4T Amherst (NA) 2/5 BYMV 
69-6T Amherst (NA) 4/5 BYMV 
69-7T Amherst (NA) 1/5 BYMV 
69-51 Hadley AMV 0/5 - 
69-54 Hadley BYMV 4/4 BYMV 
69-55 Hadley (NR) 0/5 mm 
70-58 Worthington BYMV 4/4 BYMV 
70-60 Worthington BYMV + 
RCVMV 
4/5 BYMV 
70-61 Worthington BYMV 3/4 (NA) 
70-81 Greenfield BYMV 1% BYMV 70-84 Greenfield BYMV BYMV 
71-86 Northampton BYMV 5/6 BYMV 
71-88 Northampton BYMV 6/6 BYMV 
71-90 Sunderland BYMV + 
RCVMV 
4/6 BYMV 1 
71-91 Sunderland BYMV 5/5 BYMV 
contd. 
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contd. 
Plant 
No. 
Place 
collected 
Virus 
ident¬ 
ified in 
source 
Transmitted 
to No. plants* 
Transmitted 
virus ident¬ 
ified in 
new plant 
71-94 Sunderland AMY o/5 - 
II 
II 
<< oc 
25 25 
not attempted 
no reaction 
* 10 aphids from the virus source were released per test 
plant (red clover) and were killed after 24 hrs with 
Malathion insecticide. 
Fig. 6. BYMV transmitted by clover aphid, N. 
bakeri. Foliar symptoms on red clover, 
Trifolium pratense 4 weeks after inoc¬ 
ulation by the aphid. 
^5 
*L 
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The relationship between bean yellow mosaic virus (BYMV) 
and the clover aphid, Nearctaphis bakeri Cowen. 
In order to establish the relationship between the 
aphid and BYMV, studies were made to determine: (1) The 
period of acquisition feeding, (2) the retention period and 
(3) the period of inoculation feeding. The capability of 
single aphids to transmit the virus was investigated and, 
finally, the -ability of apterous (wingless) aphids to 
transmit the virus was compared to that of alate (winged) 
forms. 
Period of acquisition feedings Acquisition feeding is the 
shortest time required for a vector to feed on a virus 
source in order to become viruliferous. 
The vector was allowed to feed on BYMV-infected 
red clover plants for time periods ranging from 10 seconds 
to 24 hours. After this feeding time the aphids were 
immediately transferred to healthy young red clover seed¬ 
lings. The results of these tests are given on table 6. 
Table 6 shows that a time of 15 seconds is sufficient 
for the acquisition of the virus by the aphid. A feeding 
period of 1 minute appeared to be optimum for acquisition 
feeding, however, 5 minutes, 1 hour and 24 hours time 
periods appeared to be just as efficient. 
Retention periods It is defined as the length of time a 
vector remains viruliferous once it acquires the virus. 
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Viruliferous aphids were dislodged from a BYMV-infected 
red clover plant and held in glass tubing for various time 
periods (table 7). The aphids were then released on red 
clover test plants. The number of test plants that sub¬ 
sequently exhibited virus symptoms was a measure of the 
virus retention period of the aphid. 
From the data in table 7 it can be seen that the 
retention period of BYMV in the aphid is of short duration. 
Depletion of virus inoculum in aphid appeared when the 
aphids were kept apart from the source host for 5 minutes 
or longer as shown by the decreasing number of plants 
becoming infected. A two-hour period renders the aphid 
completely incapable of transmitting the virus. 
Inoculation period: It is the feeding time necessary for 
a viruliferous aphid to infect a susceptible test plant. 
Viruliferous aphids were collected from red clover 
plants infected with BYMV and immediately transferred to 
3 to 4 week old red clover test plants for a pre-deter- 
mined inoculation time period. At the end of the inoc¬ 
ulation feeding time, the aphids were promptly removed. 
The inoculation feeding times used in this study were 
10, 15» 30 and 60 seconds. 
Table 8 shows that no infection takes place when 
the inoculation feeding time is 10 seconds. Inoculation 
feeding times of 15 seconds or more are sufficient for a 
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successful transmission,however, a feeding duration of 
30 seconds or more markedly increases the chances of 
transmission. 
Capability of a single aphid to transmit BYMV: Five 
aphids were dislodged from a BYMV source plant and each 
was enclosed separately on one of 5 test plants. This 
procedure was replicated five time. Three weeks, later 
symptoms of BYMV appeared on 4 of 25 plants. This in¬ 
dicates that even a single aphid is capable of transmitting 
the virus. 
Transmission by alate versus apterous aphids1 Most of the 
laboratory studies in aphid transmission were conducted 
by using apterous aphids. The natural spread of the virus 
in the field is due primarily to the winged forms of aphids. 
With this in mind, a comparative study was made to find 
the difference in BYMV-transmitting ability of the two forms 
of N, bakeri. 
Table 9 shows that the two forms of the aphid are 
equally efficient in transmitting BYMV. 
Transmission of BYMV was also obtained in 4 out of 
6 trials, with the pea aphid, Macrosiphum pisi. Attempts 
to transmit BYMV, RCVMV, AMV or the PCMV with the spittle 
bug, Philanus leucopthalmus, the clover leafhopper Acer- 
atagallis sanquinolenta (Provancher or the garden bug, 
Halticus bractatus (Say) yielded negative results. 
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E. Root rots and Injuries associated with declining red 
clover plantsi 
During the course of this investigation the roots of 
three types of plants, were examinedt (1) Those with 
BYMV symptomst (2) those with declining symptoms, namely 
stunting, yellowing, necrosis or wilting, singly or in 
various combinations (Pig. 7) and (3) healthy plants. In 
all, 52 plants were uprooted and examined for insect injury 
on roots, and vascular discoloration. The latter was also 
confirmed by plating root sections on potato dextrose agar 
media. 
Five to 10 percent of the plants in red clover fields 
exhibited symptoms of decline such as those mentioned above. 
Cultures of root sections from 20 such plants on PDA, 
yielded Fusarium spp. in 19. Eight of the nineteen roots 
showed the presence of feeding injuries by the root borer, 
Kylastinus obscurus Mar. and/or root curculio, Cltona 
hispidula Fabr, (Table 10). 
Twenty roots from BYMV-infected plants were examined 
and plated. Seventeen of these yielded Fusarium spp. Three 
of the Fusarlum-infected roots and one without Fusarium 
infection in this group of plants showed feeding injuries 
by the beetles mentioned above (Table 10). 
When roots from 12 healthy plants were examined and 
plated, although the foliage of these plants appeared to be 
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healthy, roots from 6 of these plants, showed some decay 
and discoloration and yielded Fusarium spp, and only one 
had beetle injuries (Table 10). 
All the roots that yielded Fusarium spp. in cultures 
had shown varying degrees of discoloration in the vascular 
and cortical tissues. The beetle injuries on the roots 
are illustrated in Fig. 8. 
Fig 7. A declining red clover plant that showed 
insect injuries on and vascular discoloration 
of the roots. Fusarlum spp. was isolated 
from roots of this plant. 
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Fig. 8. Root injuries on red clover caused 
by the clover root borer, Hylastinus 
obscurus Mar. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
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Root rots (Fusarium spp.) and insect root injuries 
associated with red clover. 
Symptoms on the Fusarium spp. Root injury 
plants examined isolated by insects 
S,Y + 
S ,Y + 
S,Y,W + 
Y + 
S,W + 
S,Y + 
Y,N + 
N + 
W + 
Y,W + 
S + 
W + 
S 
Y,W + 
Y.N,W + 
S,Y,N,W + 
Y + 
S,Y,N,W + 
W + 
S,W + 
BYMV + 
" + 
n M 
- + 
« + 
* + 
" + 
" + 
tt _ 
« + 
•• + 
* + 
H « 
»• + 
« + 
« + 
« + 
« + 
" + 
« + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
contd 
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contd 
Plant 
No. 
Symptoms on the 
plants examined 
Fusarium spp. 
isolated 
Root injury 
by insects 
4l Healthy + _ 
42 n + — 
43 •• - - 
44 t* + + 
45 •« + - 
46 19 - - 
47 t* - - 
48 «« + - 
49 n - - 
50 H - - 
51 H - - 
52 H + mm 
Symptom abbreviations 
used in the table* 
S = Stunting 
Y = Yellowing 
N * Necrosis 
W = Wilting 
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F. Field experiment 
Results of the field experiment which was conducted 
to determine the role played by BYMV, root-rotting fungi 
(Fusarium spp,) and insect vectors or pests in conditioning 
the performance of red clover are given in tables 11 and 12. 
The dry weight of the plants in each treatment was used 
as the basis for comparison of the clover performance. 
Analysis of variance showed statistically significant 
differences exist in the mean yields of the different treat¬ 
ment groups, the *t• test applied to compare the dif¬ 
ferences between the control and all other treatments 
indicate that the mean yield of treatment 4 (caged plots) 
was significantly higher than the control while that in 
treatment 5 (Soil fumigation) was significantly low. The 
major reasons for exceptional low yield in treatment 5 
are perhaps due to (1) delay of seeding time (May 25# 1970) 
as compared to the rest of treatments (August 15# 1969 )» 
(2) the fumigation treatment could have eliminated some 
of the flora directly beneficial to red clover under natural 
conditions, and (3) it is also possible that in the absence 
of certain antagonistic organisms which were eliminated 
by the fumigation treatment, the pathogenic species that 
t 
were later introduced into the plots by natural means ef¬ 
fected the red clover much more adversely than would other¬ 
wise. 
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The plots inoculated with both BYMV and Fusarium, 
produced the smallest yield (1471 grams) which, however, 
was not significantly different from the control. Treat¬ 
ments 2 (Fusarium inoculation) and 1 (BYMV inoculation) 
also produced lower yields than the control but they were 
not significantly different from the control either. 
After the plants had been weighed, the roots from 
10 plants of each treatment were selected at random and 
were critically examined for insect injuries. The roots 
were sectioned, examined for discoloration, and cultured 
for Fusarium. Fusarium infections occurred in all treat¬ 
ments whether the plants had been inoculated with the 
fungus or not (Table 12). However, the number of roots with 
Fusarial infection varied being least frequent in plants 
protected by cages. In this group only 3 of 10 roots ex¬ 
amined yielded Fusarium spp. 
The last column in table 12 shows the number of 
plants that showed virus symptoms. In treatments 1 and 3 
there were 44/47 and 40/52 plants with virus symptoms, 
respectively. Although treatments T3 and T5 were not 
inoculated with virus, yet 20/48, 15/43 and 16/42 of their 
plants, respectively, showed virus symptoms. 
No root injuries by insects were noted in treatment 
4 (Table 12). In fumigation treatment (T5) only 2/10 roots 
showed injury by insects while in the remaining treatments 
4 to 6 of the 10 roots showed injuries caused by insects. 
6 T3 
3 <D 
6 3 
DISCUSSION AND CONCLUSIONS 
Field surveys in this study showed a steady increase 
in the prevalance of certain viruses with increasing age 
of the plants in the field. Although many surveys in 
different parts of this country have been made in the past, 
like those in Arkansas (Elliot, 1921), in Minnesota (Goth, 
1961), and in Wisconsin (Stuteville, 1964), none provide 
a comparison as to the extent of prevalance of these viruses 
according to the age of the plants in the field. This 
aspect was covered in this investigation. It appears from 
this study that most of the fields attain a saturation of 
virus infection when the plants are in their fourth crop 
year. Not only does the proportion of virus-infected plants 
increase from year to year but the number of red clover 
plants per unit of area diminishes with age also. The 
variation in the number of plants per unit area, even with¬ 
in fields with plants of the same age, is great. In fields 
with one-year-old plants the plant population density 
varied from 3 to 12 plants per sq. ft. In fields with 
two-year-old plants the population density varied from 
0.2 to 2 plants per sq. ft. Fields with plants of 3 to 4 
years of age and older had scattered, patchy and very un¬ 
even distribution of plants. 
Case history studies have shown that the chances 
for healthy plants to survive from one growing season to 
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the next are about three times greater than those for 
virus-infected plants. The rate of conversion of healthy 
plants to virus symptomatic plants from one year to the 
next reflects the rate of virus spread in fields. This 
rate has been from 66 to 68 percent per year. 
Identification of viruses in field-infected plants 
has shown a dominance of bean yellow mosaic virus. Dia- 
chun and Hanson (1956) in Kentucky and Goth (1961) in 
Minnesota have also found BYMV as the most predominant virus 
in red clover fields. According to their studies, the 
abundance of specific viruses varies from region to region 
and even from time to time in the same region. The cultural 
practices, the presence of different crops in the neighbor¬ 
hood and the existence of various vectors probably have a 
bearing on the prevalence of specific viruses. 
Multiple infection of plants with more than one 
virus was detected in two cases in which the plants were 
concurrently infected with BYMV and RCVMV. This is not 
unusual. Stuteville (1964) reported the presence of up 
to 3 viruses in the same red clover plant. 
The clover aphid, Nearctanhis bakeri was found to 
be very commonly associated with red clover. The aphid 
appeared in red clover fields about the first week of June 
and the infestation continued in variable degrees through¬ 
out the growing season. A marked abundance of this aphid 
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was observed about the middle of July each year. In the 
aphid transmission studies, N. bakeri was found to be a 
very efficient vector of BYMV. It transmitted the virus 
from all of the 18 red clover plants that were known to 
be infected with BYMV, The close relationships involving 
acquisition (uptake), retention, and inoculation of BYMV 
by N. bakeri have been investigated here for the first 
time. This study shows that the uptake of BYMV by this 
aphid begins within 10 to 15 seconds from the beginning 
of feeding and reaches a maximum between 30 seconds and 
1 minute. Such a short time required for the acquisition 
of a virus is not uncommon in the stylet-borne viruses. 
Simons (1956) found a period of acquisition of as little 
as 0-5 seconds for Myzus -persicae (Sulzer) to transmit 
pepper vein banding mosaic virus. McLean (1959) also 
recorded 0-5 seconds of acquisition time by M.persicae 
in the transmission of the feathery mottle virus of sweet 
potato. In general, however, acquisition or uptake of 
stylet-borne viruses is accomplished within 10 seconds to 
1 minute (Bradley and Rideout 1953). 
In attempts to determine the retention time of BYMV 
by N. bakeri a duration of 1 hour was the maximum the aphids 
remained viruliferous after leaving the virus-source plant. 
The aphids became less capable to transmit virus with in¬ 
crease in time after dislodging them from the virus source. 
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Maximum infection occurred in test plants when the aphids 
were transferred to them within three minutes after dis¬ 
lodging the aphids from virus source. No infection was 
obtained when the aphids were kept away from the virus 
source for 2 hours. The important factors that influence 
the retention period of stylet-borne viruses are the 
stability of the virus and the environmental temperature. 
At lower temperatures aphids remain viruliferous longer, 
(Heinze 1959» Cocbain et al 1963). Temperatures near 
0° C not only slow down inactivation of virus by aging 
but they also immobilize aphids so that they do not even 
attempt to probe (Bradley 196*0. In some instances, the 
stability of the virus has been found to directly influence 
the retention period. Day and Venables (1961) think that 
the aphids carrying cauliflower mosaic virus, which has 
a relatively high thermal inactivation point of80°c » 
remain viruliferous for a relatively longer time (up to 
40 hours to 2 days) than aphids transmitting other viruses 
of this group. 
The third step in transmission of any stylet-borne 
virus is inoculation. As pointed out by Bradley (1964), 
the mechanics of inoculation differ from uptake mainly 
in the direction of the virus movement. The virus moves 
towards the stylet in acquisition and away from it in 
inoculation. But the common trait in acquisition and 
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inoculation is the short time required to accomplish both 
of these processes. Like acquisition (uptake) inoculation 
can occur in as little as 5 seconds (Sylvester 1950j Simons 
1956). The highest probability of infection lies within 
15 and 30 seconds of inoculation time (Bradley 1952), In 
this study the minimum inoculation time required for N. 
bakeri to transmit BYMY was 15 seconds. 
A study was made to compare the ability of alate 
(winged) and the apterous (wingless) forms of N. bakeri 
to transmit BYMV, There was hardly any difference noted 
in their capabilities. Selective transmission of BYMV 
by bakeri from plants infected with both BYMV and RCVMV 
was demonstrated for the first time. This finding could 
be useful in further research where isolation of BYMV has 
to be made from plants infected with more than one virus. 
The frequent involvement of Fusarium in diseased 
red clover plants in Massachusetts does not come as a sur¬ 
prise, for it has been encountered in other red clover¬ 
growing areas as well. Kilpatrick and Hanson (1952) and 
Elliot (1952) have reported Fusarium spp. to be a major 
factor in the failure of red clover stands in Wiscosin 
and W. Virginia, respectively. 
Aside from the virus-infected plants, 5 to 10 per¬ 
cent of the red clover plants in the field exhibited 
symptoms of decline in the form of yellowing, stunting, 
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necrosis and wilting. These symptoms showed up on the 
affected plants either singly or in a variety of combin¬ 
ations. The roots of such plants invariably showed dis¬ 
coloration in the vascular tissues. Some times the dis¬ 
coloration was also noticeable in lesions on the cortical 
tissues of the tap root and of larger branch roots. The 
discoloration varied from light brown to deep dark brown. 
On culturing root sections of such plants, Fusarium spp. 
was isolated in 95 percent of the cases. In addition to 
Fusarium, other fungi, such as Rhizoctonia, Sclerotonia 
and Phoma spp., also showed up in cultures but with much 
less frequency. The extent to which these pathogens are 
accountable for red clover failure in Massachusetts was 
not investigated in this study. 
Fusarium was also found to be commonly associated 
with BYMV-infected plants. Eighty-five percent of the 
BYMV-infected field plants that were examined showed 
vascular discoloration in roots and yielded Fusarium spp. 
upon culturing of root sections. The high frequency with 
which Fusarium was isolated from BYMV-infected plants, 
compared to that among healthy plants, does suggest the 
possibility that BYMV-infected plants are predisposed to 
Fusarial infection. This is in agreement with Leath et al 
(1971) who considered the presence of viral disease in red 
clover as a stress factor that is important in predisposing 
plants to root rot. 
6 9 
The clover root borer, Hylastinus obscurus, and the 
root curculio, Sitona hispidula, were the coleopterous 
insects found very commonly associated with declining red 
clover plants. There are several ways in which these in¬ 
sects damage red clover. Their feeding and tunneling 
activities per se in the root system may prove fatal to 
the plants. Rockwood (1926) is of the opinion that the 
clover root borer is one of the principal factors in 
limiting the life of red clover stands after the first 
crop year. The plants that are injured by these root in¬ 
sects are considerably weakened and, as a result, such 
plants are more subject to frost heaving than the healthy 
plants during the winter season. This kind of indirect 
damage resulting from the feeding of these two coleopt- 
erons has been noted by several workers (Webster 1915» 
Marshal and Wilbur 193^» and Turner 1957). Lastly, since 
Fusarial spp, in addition to their capability for direct 
penetration of root hairs, commonly enter their host 
plants through root injuries, the activity of the two root¬ 
feeding arthopods inevitably exposes red clover plants to 
greater damage by Fusarium. 
In the field plot experiment designed to evaluate 
the significance of individual and combined effects of 
viruses, Fusarium spp., and damage by root-feeding arthro¬ 
pods, it was found that the combination of all these factors 
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induced the greatest reduction in yield. Fusarium alone 
reduced yield of red clover somewhat more than did BYMV, 
The screening barrier not only protected plants 
from aphid vectors and leafhoppers but also from the adults 
of the root-feeding insects. The adults of the clover 
curculio feed on the leaves, buds and flower parts. The 
females deposit eggs on or close to the crown region. When 
the eggs hatch, the larvae move down to roots and start 
feeding on them superficially and, consequently, cause’ 
wounds or injuries. In the case of the root borer, H. 
obscurus, even the adults feed on the roots. The eggs are 
deposited on the surface of the roots or in the walls of 
galleries made by the adults. After hatching, the larvae 
begin feeding and form more tunnels. In either case, ex¬ 
clusion of the adults by means of a physical barrier, 
such as the screen, resulted in much healthier root sys¬ 
tem and prevented any insect feeding wounds which are also 
important for the entry of Fusarium and other root pathogens. 
Mortality of plants in this treatment was the least. It 
is quite possible that the insects had some direct as well 
as indirect role in the deterioration and low yields that 
were observed in other treatments which had no protection 
from insects. 
Isolation studies of Fusarium spp. in the experimental 
plots showed that 100 percent of the plants inoculated with 
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Fusarium alone or BYMV + Fusarium were infected with Fusarium. 
Plants that were caged, and thus shielded from insects, 
had the minimum Fusarium incidence. This may provide a 
direct evaluation of the extent to which root-feeding 
arthropods contribute to root invasion by Fusaria. Since 
there was no Fusarium inoculum added to plots under treat¬ 
ments 1, 5 and 6, the incidence of Fusarium in these plots 
reflects the rate of Fusarium incidence that naturally 
occurs in collaboration with the root-injuring insects. 
The fumigation of soil with methyl bromide did not prove 
of any benefit in the control of Fusarium, since an equal 
number of plants in the control and in the fumigated plots 
yielded Fusarium spp. Fumigation, however, might be of 
benefit in the seedling and early stages of the crop. 
No root injuries caused by insects or other factors 
were found on caged plants, since there was no chance for 
egg-laying or hatching that could have led to infestation 
of the roots. Plants in fumigated plots had relatively 
fewer roots with insect injuries. This was perhaps due 
to the fact that the plants were planted 9 months later 
and were not exposed to insect attack as long as the other 
plants. Root injuries by insects in treatments 1, 2, 3 
and control were not notably different from one another. 
All treatments had equal chances for infestation by the root 
insects. Towards the end of the experiment the number of 
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plants with virus symptoms were counted in each treatment. 
The maximum number of plants with virus symptoms were in 
treatments 1 and 3 in which the plants were mechanically 
inoculated with BYMV. Plots of treatment 4, which were 
caged and protected from insects, had the least virus in¬ 
fection. The number of plants with virus symptoms in 
treatments 2, 5 and 6 were about the same and it reflects 
the rate of natural spread of the virus. 
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SUMMARY 
Red clover, Trifolium pratense L. is a perennial; 
its stands may remain vigorous and productive for up to 
nine years in certain locations. In Massachusetts, how¬ 
ever, and many other parts of the country, red clover has 
behaved as a short-lived perennial or evan a biennial. 
Several factors seem to interfere with the successful 
maintenance of this crop. The effect of virus infection, 
Fusarium root rot and root damage by insects are reported 
in this study. 
Virus infections, which are quite infrequent in the 
first year, spread rapidly throughout the second, thirdr 
and fourth crop years to infect almost 85 percent of the 
plants. Bean yellow mosaic virus has been the most common 
virus encountered here. Red clover vein mosaic, alfalfa 
mosaic and the pea common mosaic viruses are also detected 
but with a much less frequency. Two plants were found 
that were infected with both BYMV and RCVMV. 
Nearctaphis bakeri Cowen was the most common aphid 
on red clover. It successfully transmitted BYMV from red 
clover to red clover, to bean and vice versa. The virus 
is stylet-borne, with a minimum acquisition feeding time 
of 15 seconds. A minimum time of 15 seconds is also re¬ 
quired for inoculation. The retention period was found 
to be generally less than one hour, but never more than 
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two hours. N. bakeri failed to transmit RCVMV, AMV or 
PCMV. However, it selectively transmitted BYMV from two 
plants that were infected with both BYMV and RCVMV. BYMV 
was also transmitted by the pea aphid, Macrosiphon pisi. 
Attempts to transmit any of the above viruses with spittle 
bug, Philaenus leucopthalmus (Linn.), the clover leafhopper, 
Aceratagallia sanguinolenta (Provancher) and the garden bug, 
Halticus bractatus (Say) yielded negative results. 
Fusarium spp, invariably were associated with de¬ 
clining red clover plants in the field. Eighty-five per¬ 
cent of the BYMV-infected field plants were also infected 
with Fusarium. About 30 percent of the roots examined 
showed the presence of tunnels or scars caused by the 
feeding of the clover root borer, Sitona hispidula Fabr. 
and/or the root curculio, Hylastinus obscurus Mar. 
A field experiment was conducted to evaluate the role 
of BYMV and Fusarium roseum, individually and in combin¬ 
ation of insect vectors and pests that naturally occur 
in the field. The results show that the combination of 
BYMV with F. roseum and naturally occuring insects causes 
the greatest losses to red clover. This was evidenced by 
the poorest yield and highest mortality obtained in this 
virus-fungus treatment together with the naturally occuring 
insects. The best yields and least mortality was obtained 
in plots that were protected from insects and were not in¬ 
oculated with BYMV nor Fusarium. 
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